Introduction
============

Antiaging medicine is a growing medical industry. The definition given by Binstock[@b1-cia-9-1175] for antiaging medicine is the following: "measures taken in order to slow, stop or even reverse phenomena related to aging, as well as to increase life span". Various societies worldwide claim to have developed strategies against age-related diseases but also the aging process per se. One of the most important is the American Academy of Anti-aging Medicine, counting more than 26,000 members. Antiaging medicine was valued at around \$20 billion in 2002 worldwide and constitutes an extremely fast-growing industry.[@b2-cia-9-1175]

Successful aging is one of the most important needs of our fast-aging population. At present, worldwide numbers of people aged \>60 years and \>80 years reach 671 million and 80 million, respectively. Aging of the population is even more important in "developed" countries. Indeed, 21% of the European population and 17% of the North American population is aged \>60 years.[@b2-cia-9-1175] When people aged \>80 years are considered, half of them live in Europe and North America. These numbers are expected to rapidly grow. Estimates made by the United Nations World Population Prospects: The 2006 Revision (<http://www.un.org/esa/population/publications/wpp2006/WPP2006_Highlights_rev.pdf>) put the worldwide number of people aged \>60 years and \>80 years around 2 billion and 400 million, respectively, for 2050.[@b2-cia-9-1175] Therefore, the increase of the number of patients who will be referred to antiaging and geriatric programs is something to be expected. Perhaps the search for eternal youth will remain "factitious". Nevertheless, most antiaging programs and clinics also seek to implement strategies for successful aging and disease prevention. Nobody could claim that successful aging is not an absolute necessity for our aging societies.

One of the cornerstones of antiaging practices is hormone replacement. Hormone decrease with age is common and is related to decreased secretion from the pituitary gland, adrenals, and gonads.[@b3-cia-9-1175] Skin aging as well as decreases in lean body mass, bone mineral density (BMD), sexual desire and erectile function, intellectual activity, and mood have all been related to this decrease in hormone production with age.[@b3-cia-9-1175]--[@b5-cia-9-1175] This has led to the rather wide off-label use of hormone supplements in order to help reverse the effects of aging and improve quality of life. Unfortunately, studies on specific indications, long-term effects, and risks of such practices are lacking. In this article we will review actual data on the most frequently used hormones in antiaging medicine, their relationship with age-related diseases, and the safety of hormone supplementation protocols.

Estrogens and progestins
========================

Symptoms of menopause such as vasomotor symptoms or vaginal dryness and reduced sexual pleasure affect two-thirds of women during perimenopause.[@b6-cia-9-1175],[@b7-cia-9-1175] In 10%--15% of cases the intensity of symptoms is such that they interfere with daily activities and sleep.[@b7-cia-9-1175] Demand for treatments that may reduce such symptoms is important. Estrogens alone or together with progesterone can relieve climacteric symptoms, increase quality of life, and prevent or even reverse vaginal atrophy. Despite estrogens' positive effects on symptoms, as well as on bone loss and colorectal cancer risk,[@b8-cia-9-1175]--[@b11-cia-9-1175] the Women's Health Initiative (WHI) study[@b12-cia-9-1175] showed a higher risk for breast cancer, stroke, cardiovascular disease, and thromboembolic events with combined treatment of estrogens and progestin. Nevertheless, several positive effects of hormone replacement therapy (HRT) were observed in this study. For instance, the combination of estrogen and progestin reduced by one-third the rates of hip and clinical vertebral fractures. Endometrial cancer rates were not influenced by the treatment, whereas colorectal cancer rates were reduced by 37%. Total cancer incidence was not affected. In women with unopposed estrogen treatment, breast cancer risk did not increase.

The WHI study influenced overall prescription of HRT, notwithstanding that it used a very specific combination and dosage of conjugated equine estrogens and medroxyprogesterone acetate. It is therefore far from certain that the study's findings apply to lower dosages or other hormone formulations.[@b13-cia-9-1175]

Following these results, actual guidelines recommend that HRT be used at the lowest dose for the shortest amount of time. The US Food and Drug Administration proposes HRT only for vaginal dryness and hot flashes.[@b14-cia-9-1175] Due to positive effects on bone, it may also be used exceptionally for the prevention of osteoporosis when other treatments are considered inappropriate.[@b8-cia-9-1175],[@b15-cia-9-1175]

Physicians and patients have become extremely reluctant concerning HRT following the WHI study. Numbers of HRT prescriptions in the US rose from 58 million in 1995 to 90 million in 1999, corresponding to 15 million women per year. Numbers remained stable through to 2002. Within 3 months after publication of the results of the WHI study, prescriptions of various formulations of combined estrogens and progesterone dropped by 33% to 66%.[@b13-cia-9-1175] On the other hand, it has been estimated that 30% of women turn to alternative therapies to treat menopausal symptoms.[@b16-cia-9-1175] Nowadays, multiple sites and books promote more natural ways for HRT using "bioidentical" products. Women worldwide are subject to increasing publicity on bioidentical estradiol, the less potent estrogen estriol, and bioidentical progesterone.

There is no standardized definition for the term "bioidentical".[@b17-cia-9-1175] Bioidentical hormones are supposed to have the same molecular structure as endogenous hormones found in humans. They are most frequently produced from plants (mostly soy or yams) and are biochemically altered to be identical to hormones found in the body.[@b8-cia-9-1175] They include estradiol, estrone, estriol, and progesterone and exist as compounded products or in regular approved drugs. Two other groups of estrogens are used in HRT and are considered to be nonbioidentical: natural estrogens found in the urine of pregnant mares (estrone sulfate and equilin sulfate) and synthetic estrogens (ethinyl estradiol and quinestrol).[@b8-cia-9-1175] Synthetic progestins mostly used worldwide include medroxyprogesterone acetate (most frequently used in the US), norethidrone acetate, cyproteron acetate, norgestimate, norgestrel, and dydrogesterone.

Estradiol
---------

Estradiol is the most potent estrogen in women. Bioidentical estradiol is available in pills, patches, transdermal formulations, and vaginal gels. Various factors influence the efficiency and safety profile of estradiol, such as administration route, posology, age at which treatment was initiated, as well as the type of progestin used in combination.[@b8-cia-9-1175],[@b18-cia-9-1175] In general, transdermal estradiol formulations seem as effective as oral formulations, but studies have shown better safety profiles. First, concerning thromboembolism risk, transdermal estradiol avoids the "first-pass" effect, thus minimizing the induction of clotting factors by the liver. It therefore seems to have a lower risk for thromboembolism than oral estrogens.[@b19-cia-9-1175],[@b20-cia-9-1175] Concerning cardiovascular risk safety, the first-pass effect also appears to be associated with better lipid profiles.[@b19-cia-9-1175] Oral estrogen formulations would also be responsible for the production of angiotensinogen by the liver. Nevertheless, an increased risk for high blood pressure with oral formulations or a beneficial effect of transdermal estradiol on blood pressure has not been confirmed in clinical studies.[@b19-cia-9-1175],[@b21-cia-9-1175] Moreover, transdermal estradiol improved endothelial function in postmenopausal women with coronary artery disease when compared with placebo.[@b22-cia-9-1175] Finally, transdermal estradiol formulations seem to have a better effect on the prevention of atherosclerosis.[@b23-cia-9-1175] Of course, concerning cardiovascular risk, timing of HRT introduction is crucial, and positive effects are mostly observed when treatment is introduced around perimenopause.[@b19-cia-9-1175]

Concerning breast cancer, WHI showed an increased risk only in the group where estrogens were combined with progestins, whereas unopposed estrogen treatment was not related to an increase of breast cancer risk.[@b12-cia-9-1175] Concerning opposed treatment, observational data support a better safety profile for breast cancer with the combination of bioidentical estradiol and bioidentical progesterone compared with the combination used in the WHI study (conjugated equine estrogen and medroxyprogesterone acetate).[@b19-cia-9-1175] Also, transdermal estradiol formulations have been related to better safety profiles than oral formulations.[@b24-cia-9-1175] In fact, various estrogen metabolites have different effects on breast cancer risk. 4-Hydroxyestrogens and 16α-hydroxyestrone are related to a higher risk, whereas 2-methoxyestradiol has mostly anticarcinogenic effects.[@b25-cia-9-1175] Oral estrogen formulations have been related to higher levels of potentially toxic estrogen metabolites compared with transdermal estradiol.[@b26-cia-9-1175] Nevertheless, others found no differences between estradiol administration routes and the risk for breast cancer.[@b27-cia-9-1175],[@b28-cia-9-1175]

Estriol
-------

Estriol is widely used in antiaging medicine as an HRT. Estradiol is reversibly transformed to estrone.[@b6-cia-9-1175] On the other hand, estriol is the irreversible end product of estradiol and estrone metabolism.[@b8-cia-9-1175] There are two kinds of estrogen receptors (ERs) in tissue, ER-α and ER-β. Estradiol has equally high affinity for both. Estrone, on the other hand, has a lower overall affinity than estradiol but is still rather high (around two-thirds of estradiol's affinity for ER-α and one-third for ER-β). Estriol is a weaker estrogen with only one-seventh of estradiol's affinity for ER-α and one-fifth for ER-β. ER-α receptors are mostly encountered in the ovaries, the endometrium, and breast cancer cells, whereas ER-β is mostly found in the intestine, kidney, lung, bone, bone marrow, brain, and endothelium.[@b29-cia-9-1175] Use of estriol in antiaging medicine is based on the fact that it is a weak estrogen and potentially safer in terms of breast cancer. Theoretically, lower estrogenic activity on tissue such as the breast and the endometrium should be related to lower cancer risk. Nevertheless, affinity of receptors does not completely correspond to estrogenic activity at a tissue level.[@b29-cia-9-1175] Despite it being considered a weak estrogen, oral (but not vaginal) estriol has a proliferative effect on endometrial tissue, exposing women to a higher risk for endometrial cancer.[@b30-cia-9-1175] Moreover, studies on the effect of estriol on breast tissue in humans have been inconsistent.[@b6-cia-9-1175] Thus, estriol administration (regardless of the route) has been related to higher risks for lobular but not tubular or ductal breast cancer.[@b31-cia-9-1175] Others found no relationship between short- and long-term use of estriol (over 5 years) and breast cancer incidence.[@b27-cia-9-1175]

It would be rather premature to state that estriol is a safe alternative to classic HRT, and further studies are necessary. Regarding its efficiency, positive effects of estriol on vaginal, urinary, and climacteric symptoms have been reported in several studies.[@b32-cia-9-1175]--[@b36-cia-9-1175] A slight increase in BMD was reported in an open-label study[@b34-cia-9-1175] but has not been confirmed by others.[@b33-cia-9-1175],[@b36-cia-9-1175]

Progesterone
------------

In order to counter estrogen's proliferative effect on the endometrium, nonhysterectomized women should also be administered progesterone. Antiaging specialists put forward the benefits of bioidentical progesterone treatment compared with synthetic progestins regarding efficiency and safety. Indeed, synthetic progestins may have different affinities for hormone receptors (androgen, progesterone, glucocorticoid, mineralocorticoid, estrogen, and growth hormone \[GH\]) and thus different effects on target tissue that are difficult to foresee and control.[@b37-cia-9-1175]--[@b39-cia-9-1175] Bioidentical progesterone produced from yams or soybeans is available worldwide. It is usually micronized in order to increase oral bioavailability.[@b6-cia-9-1175] A total of 200 mg daily for 12 days per month efficiently inhibits estrogen's effect on the endometrium.[@b6-cia-9-1175]

Oral bioidentical progesterone, when combined with estradiol, improves sleep quality more efficiently than synthetic medroxyprogesterone acetate.[@b7-cia-9-1175] Moreover, a positive effect of bioidentical progesterone on the bone (inhibition of the decrease in trabecular number, enhancement of mineral apposition, and bone formation) has been shown in animal studies.[@b40-cia-9-1175] Additionally, cardiovascular safety profile seems better with bioidentical progesterone compared with synthetic progestins.[@b19-cia-9-1175],[@b37-cia-9-1175] Indeed, a more positive effect of bioidentical progesterone compared with synthetic progestins on blood pressure, through an antimineralocorticoid effect, has been put forward.[@b19-cia-9-1175],[@b37-cia-9-1175] Also, bioidentical progesterone blunts to a lesser degree the positive effects of estrogens on HDL, compared with synthetic progestins.[@b41-cia-9-1175] Moreover, contrarily to synthetic progestins, when combined with transdermal estradiol, bioidentical progesterone does not increase the risk for venous thromboembolic events.[@b20-cia-9-1175] Finally, a lower risk for breast cancer has been reported with bioidentical progesterone compared with synthetic progestins.[@b28-cia-9-1175],[@b42-cia-9-1175] In general, oral bioidentical progesterone seems to be more efficient and safer than synthetic progestins.

On the other hand, data on potential benefits of transdermal bioidentical progesterone remain inconsistent.[@b6-cia-9-1175] Some report that bypassing the "first-pass" liver effect, which is responsible for metabolizing approximately 90% of progesterone ingested, may actually help avoid side effects due to metabolites, such as drowsiness.[@b37-cia-9-1175] Nevertheless, the efficiency of transdermal and vaginal routes remains a matter of discussion, some reporting identical and more stable progesterone levels with these formulations and others an insufficient effect for treating menopause-related symptoms but also for preventing endometrial proliferation and hyperplasia.[@b37-cia-9-1175],[@b43-cia-9-1175],[@b44-cia-9-1175] Such forms need to be validated in large-scale studies regarding their efficiency and safety before they may be proposed as standard treatment.

Antiaging specialists promote the use of bioidentical hormones as a more natural way to supplement hormone deficiencies in postmenopausal women. In theory, it is very attractive to be able to supplement with a hormone compound that is identical to the one lacking. Indeed, hormones participate in most of the body's functions in different degrees, and hormone analogs may only partially fulfil the multiple roles of the natural hormone. Preliminary studies seem to support a better safety profile of bioidentical hormones, but this should be confirmed by large-scale studies. Also, further studies are necessary that directly compare synthetic hormones with bioidentical hormones, in terms of efficiency and safety.

Testosterone
============

Testosterone (T) is the major circulating hormone in men, but it is also present, to a lower degree, in women. It is produced by Leydig cells in men, whereas in postmenopausal women its production is mostly dependent on transformation from dehydroepiandrosterone (DHEA) through intracrine mechanisms.[@b45-cia-9-1175],[@b46-cia-9-1175] In men, 44% of circulating T is bound to a transport protein, the sex hormone-binding globulin (SHBG). Another 50% is bound to albumin, 4% to cortisol-binding globulin, and 2% remains free. Active or bioavailable T includes free and albumin-bound T (as albumin's affinity for T is 1,000 times lower compared with SHBG).[@b47-cia-9-1175]--[@b49-cia-9-1175]

Total T decreases with age at a rate of 0.4%--1% per year.[@b50-cia-9-1175]--[@b52-cia-9-1175] This results in a 20% and 30%--50% prevalence of low total T levels in men aged \>60 years and \>80 years, respectively.[@b5-cia-9-1175],[@b53-cia-9-1175] Andropause or late onset male hypogonadism diagnosis requires both the presence of symptoms and low T plasma levels.[@b5-cia-9-1175] The prevalence of andropause is increasing with age, reaching 5% in patients aged between 70 years and 79 years.[@b5-cia-9-1175]

Effects of testosterone decline on the aging process and age-related diseases
-----------------------------------------------------------------------------

Low T has been related to various age-associated conditions.[@b5-cia-9-1175] Low muscle mass[@b54-cia-9-1175],[@b55-cia-9-1175] and strength,[@b54-cia-9-1175] as well as worse functional status,[@b56-cia-9-1175] are more frequent in elderly men with low T plasma levels. Moreover, low T, together with alcohol and glucocorticoids, is one of the most frequent causes of osteoporosis in older men.[@b57-cia-9-1175] Studies have also suggested a relationship between low T levels, mild cognitive impairment, and Alzheimer's disease.[@b58-cia-9-1175],[@b59-cia-9-1175]

Efficiency and safety of testosterone supplementation
-----------------------------------------------------

T supplementation has been studied in aging populations regarding age-related conditions. Thus, T replacement therapy is beneficial for sarcopenia[@b55-cia-9-1175],[@b56-cia-9-1175],[@b60-cia-9-1175] and bone density in older men.[@b61-cia-9-1175],[@b62-cia-9-1175] Concerning cognitive function, T supplementation has positive effects on verbal, spatial[@b63-cia-9-1175]--[@b65-cia-9-1175] and working memory,[@b66-cia-9-1175] visuospatial function,[@b67-cia-9-1175]--[@b69-cia-9-1175] and executive function.[@b70-cia-9-1175]

Contrary to the widespread belief that T is related to a higher cardiovascular risk, studies show that atherosclerosis is mostly related to low T levels.[@b71-cia-9-1175]--[@b77-cia-9-1175] Moreover, direct antianginal effects have been described with T administration.[@b78-cia-9-1175],[@b79-cia-9-1175] Nevertheless, an increase of adverse cardiovascular effects with T administration has also been described. Treatment should not be initiated in patients with recent ischemic heart disease or heart failure.[@b80-cia-9-1175],[@b81-cia-9-1175]

One of the main concerns with T supplementation is polycythemia. Indeed, an increase of hematocrit following T treatment is fairly frequent, mostly with intramuscular formulations and in older populations.[@b82-cia-9-1175],[@b83-cia-9-1175] For this reason, a follow-up of hematocrit levels every 6 months for 18 months and yearly thereafter should always be planned when T treatment is introduced. If hematocrit exceeds 52%--55%, treatment should be decreased or discontinued.[@b5-cia-9-1175]

Ever since animal studies reported prostate cancer growth stimulation by T administration,[@b84-cia-9-1175] concerns have been put forward about the role of T in promoting or accelerating the development of prostate cancer in humans. Nevertheless, most recent studies have failed to confirm a relationship between T levels and the risk for prostate cancer.[@b85-cia-9-1175]--[@b87-cia-9-1175] On the contrary, increased risk for prostate cancer onset, higher 5-year biochemical relapse rates, and higher Gleason scores were associated with low T plasma levels.[@b85-cia-9-1175],[@b88-cia-9-1175] Concordantly, the T supplementation safety profile is rather satisfying regarding prostate cancer risk,[@b82-cia-9-1175],[@b83-cia-9-1175],[@b89-cia-9-1175]--[@b92-cia-9-1175] even for patients after treatment for prostate cancer by radical prostatectomy,[@b89-cia-9-1175] brachytherapy,[@b93-cia-9-1175] or external beam radiation.[@b94-cia-9-1175] Of course, active prostate cancer formally prohibits T treatment. Finally, follow-up of low urinary tract symptoms and prostate-specific antigen (PSA) levels is mandatory.[@b82-cia-9-1175],[@b92-cia-9-1175]

T administration for andropause treatment should follow very strict rules concerning the choice of the patient to treat, as well as the follow-up of different parameters such as PSA and hematocrit.[@b5-cia-9-1175] When a male presents with symptoms of hypogonadism, a total T measure should be taken. Free T should be measured either when total T levels are close to the lower limit of normal values or in situations where SHBG alterations may be suspected (treatment with progestins, estrogens, anticonvulsivants, or glucocorticoids, as well as conditions such as HIV infection, thyroid disorders, acromegaly, nephritic syndrome, diabetes mellitus, and liver cirrhosis). Pretreatment control should include a detailed history for congestive heart failure, coronary disease, sleep apnea, low urinary tract symptoms, and prostate carcinoma. A digital prostate examination should be carried out and PSA blood levels should be checked. In case of an abnormal clinical examination or PSA levels \>4 ng/mL (or PSA \>3 ng/mL in men at high risk), a transrectal ultrasound-guided prostate biopsy should be performed. T supplementation should not be started in cases of suspected prostate cancer, severe symptoms of low urinary tract (International Prostate Symptom Score \>19), hematocrit \>50%, poorly controlled congestive heart failure, ischemic heart disease in the preceding 6 months, or untreated sleep apnea. In general, studies concur that if T is used according to international guidelines and plasma levels do not reach supraphysiologic levels, serious adverse effects are rare.[@b95-cia-9-1175]

Future perspectives of testosterone supplementation
---------------------------------------------------

Label use of T supplementation in the US as well as in most European countries concerns only male hypogonadism. Unfortunately, it is also widely used as an anabolic steroid for its effects on muscle mass. On the other hand, T is also underused. Partly because of widespread concerns about T treatment safety, only 5% of men in the US with hypogonadism receive appropriate treatment.[@b91-cia-9-1175] It is therefore vital that physicians treating patients at high risk for male hypogonadism, such as elderly patients, are well aware of the benefits, risks, and treatment modalities of T supplementation. Indeed, its positive effects on bone and muscle could make T extremely interesting in geriatric rehabilitation protocols. Its role in cognitive and mood disorder treatment is yet to be defined. Finally, studies are progressively appearing concerning its use in chronic diseases related to sarcopenia and cachexia, such as chronic obstructive pulmonary disease.[@b96-cia-9-1175]

Dehydroepiandrosterone
======================

DHEA is a steroid prohormone produced by the adrenal glands and transformed in target tissue through intracrine mechanisms to androgens or estrogens. Plasma DHEA levels decline with age. By the age of 70--80 years, levels may be as low as 10%--20% of those encountered in young individuals.[@b46-cia-9-1175]

The importance of DHEA in steroid hormone production increases with age.[@b4-cia-9-1175] Indeed, in postmenopausal women, production of estrogens by the ovaries declines dramatically, making the adrenals the only source of steroid hormones through DHEA.[@b97-cia-9-1175],[@b98-cia-9-1175] In men, although T secretion by the testicles continues late into life, T levels progressively decline, and DHEA's importance in steroid hormone production is also higher with increasing age. DHEA's effect is mostly through its hormone end products. Nevertheless, in vitro studies have shown that DHEA may directly increase nitric oxide production from intact endothelial cells, probably through G protein-dependent activation of endothelial nitric oxide synthetase, thus supporting proper intrinsic physiological functions.[@b99-cia-9-1175]

Effects of DHEA decline on the aging process and age-related diseases
---------------------------------------------------------------------

DHEA decline with age is clinically relevant and has been related to a variety of age-related conditions.[@b4-cia-9-1175] A positive relationship between DHEA levels and muscle mass, muscle strength, as well as mobility and a lower risk for falls, has been described in elderly individuals.[@b100-cia-9-1175]--[@b103-cia-9-1175] Moreover, a positive effect of DHEA on BMD through transformation to estrogens (in vitro human osteoblasts present an aromatase activity),[@b104-cia-9-1175] but also directly through mitogen-activated protein kinase signaling pathways, has been suggested.[@b105-cia-9-1175] Indeed, DHEA levels have been positively related to BMD in women[@b104-cia-9-1175] and men.[@b106-cia-9-1175]

Concerning neuropsychiatric diseases, the relationship between DHEA and cognitive disorders has not been studied sufficiently in order to formally conclude on its effect on dementia onset and progression.[@b4-cia-9-1175] On the other hand, the relationship between DHEA levels and mood disorders seems clearer. Low levels of DHEA have been related to depression symptoms.[@b107-cia-9-1175],[@b108-cia-9-1175]

The relationship between DHEA levels and cardiovascular disease risk factors such as cholesterol and glucose tolerance is inconsistent.[@b4-cia-9-1175] Nevertheless, studies have shown that low DHEA levels are related to a higher risk for atherosclerosis,[@b109-cia-9-1175]--[@b112-cia-9-1175] heart failure,[@b113-cia-9-1175],[@b114-cia-9-1175] cardiovascular complications, and overall mortality.[@b115-cia-9-1175],[@b116-cia-9-1175]

DHEA seems to play a rather important role in sexual function for both sexes. Low levels of DHEA were related to a higher risk for erectile dysfunction in men[@b117-cia-9-1175]--[@b119-cia-9-1175] and low sexual responsiveness in women.[@b45-cia-9-1175],[@b120-cia-9-1175]

Efficiency and safety of DHEA supplementation
---------------------------------------------

DHEA administration has had positive effects on muscle mass and strength, as well as physical performance parameters.[@b121-cia-9-1175]--[@b125-cia-9-1175] Also, DHEA has had positive effects on BMD both in women[@b122-cia-9-1175],[@b126-cia-9-1175]--[@b130-cia-9-1175] and in men.[@b122-cia-9-1175],[@b128-cia-9-1175],[@b129-cia-9-1175],[@b131-cia-9-1175],[@b132-cia-9-1175] Furthermore, DHEA supplementation has shown positive effects on mood[@b133-cia-9-1175]--[@b137-cia-9-1175] as well as sexual function both for men[@b133-cia-9-1175],[@b138-cia-9-1175] and for women.[@b139-cia-9-1175]--[@b143-cia-9-1175] However, no positive effects on erectile function were found when conditions such as diabetes or neurological disorders were present.[@b144-cia-9-1175] Finally, DHEA supplementation has improved menopause symptoms in perimenopausal and early postmenopausal women.[@b140-cia-9-1175],[@b145-cia-9-1175],[@b146-cia-9-1175] Also, intravaginal formulations have had a positive effect in reversing vaginal mucosa atrophy in postmenopausal women.[@b146-cia-9-1175]

Most studies show a very satisfying safety profile for DHEA supplementation. Only minimal effects such as mild acne, seborrhea, facial hair growth, and ankle swelling have been reported in women.[@b147-cia-9-1175],[@b148-cia-9-1175] Otherwise, DHEA supplementation has had a rather positive effect on skin.[@b139-cia-9-1175] No significant effect has been reported on hormone-dependent tumors such as breast and prostate cancer.[@b97-cia-9-1175],[@b132-cia-9-1175] On the contrary, animal studies showed that DHEA inhibits tumors of lymphatic tissue, lung, colon, breast, liver, and skin.[@b149-cia-9-1175],[@b150-cia-9-1175] Nevertheless, to our knowledge, the longest study durations for DHEA supplementation did not exceed 2 years. Consequently, no data exist on treatment safety regarding hormone-dependent tumors (breast, prostate, and endometrium), cardiovascular risk, or mortality for longer treatments.

Future perspectives of DHEA supplementation
-------------------------------------------

DHEA has the status of a dietary supplement and is sold over the counter in the US. In Europe, in most countries it is either forbidden (France) or subject to medical prescription (Switzerland). DHEA is widely used in antiaging medicine and is considered as a "fountain of youth" hormone by some. As it is a prohormone, it is also used as a "hormone regulator", permitting the body to reach a hormone equilibrium. DHEA is indeed a prohormone with positive effects on several age-related diseases. Supplementing a prohormone is also extremely interesting, as it would theoretically provide the organism with the possibility to use it and transform it according to local and general hormone needs. For the future, the role of DHEA supplementation in specific indications such as sarcopenia, falls and rehabilitation protocols, osteoporosis, mood and cognitive disorders, and also sexual well-being needs to be better studied in longer and larger studies. Finally, physicians prescribing DHEA should consider and inform their patients of the fact that long-term effects concerning efficiency, but also safety, are still uncertain.

Growth hormone
==============

GH is widely used in antiaging medicine in order to reverse the effects of aging. GH levels decrease with age.[@b151-cia-9-1175] This decrease may be so important that insulin growth factor-1 (IGF-1) levels found in elderly individuals are as low as those encountered in adult patients with established GH deficiency.[@b152-cia-9-1175],[@b153-cia-9-1175] Multiple factors may influence GH decrease, but it seems mostly related to a decrease in GH-releasing hormone secretion together with higher somatostatin secretion levels. GH decrease combined with the fact that frailty and aging share several characteristics with GH deficiency encountered in younger adults (increase of fat mass and decrease of lean mass, cognitive impairment, psychological difficulties, dry and thin skin, and impaired cardiac capacity)[@b154-cia-9-1175] have made it rather popular in antiaging medicine.

Effects of GH decline on the aging process and age-related diseases
-------------------------------------------------------------------

The effect of GH on longevity and whether GH is a proaging or antiaging hormone is a matter of controversy. Animal studies in which interventions reduced GH and IGF-1 levels or increased resistance to GH resulted in an increased life span.[@b155-cia-9-1175],[@b156-cia-9-1175] Concordantly, age-related cognitive alterations and decreased life span were encountered in animal models producing supraphysiological levels of GH. Potential underlying mechanisms of low GH effects include reduced oxidative metabolism and lower oxidative stress, increased stress resistance, and enhanced sensitivity to insulin.[@b157-cia-9-1175] In humans, recent studies on Ecuadorian individuals who carry mutations in the GH receptor gene, leading to severe GH receptor and IGF-1 deficiencies, showed a decreased incidence of malignancies as well as diabetes, compared with control subjects. Higher insulin sensitivity in this population as well as higher antioxidant capacities were reported.[@b158-cia-9-1175] Others reported associations between GH deficiency or GH resistance and increased longevity, better lipid profiles, less atherosclerosis and vascular pathology, as well as a decreased risk for developing cancer.[@b159-cia-9-1175]--[@b162-cia-9-1175]

As a matter of fact, both too high and too low levels of GH and IGF-1 seem to be associated with reduced longevity in humans.[@b152-cia-9-1175] Thus, others reported reduced longevity[@b163-cia-9-1175] as well as higher cardiovascular risk and higher cardiovascular and cerebrovascular mortality in GH-deficient patients.[@b164-cia-9-1175],[@b165-cia-9-1175] Concerning osteoporosis, low IGF-1 levels have been related to lower BMD in men.[@b166-cia-9-1175],[@b167-cia-9-1175] GH and IGF-1 receptors are present in multiple areas of the human brain (hippocampus, superficial and deep cortical layers, olfactory bulb, thalamus, and amygdala).[@b168-cia-9-1175]--[@b170-cia-9-1175] In humans, one longitudinal study found a correlation between low total but not free IGF-1 levels and incident decline in Mini Mental State Examination scores after an average 1.9-year follow-up in a group of 186 individuals aged between 55 years and 80 years.[@b170-cia-9-1175] Another study showed a positive correlation between IGF-1 levels and Mini Mental State Examination scores in a group of 22 individuals aged between 65 years and 86 years.[@b171-cia-9-1175] Unfortunately, very few studies have explored the effects of GH on cognition, and most of them are small and rather short. To our knowledge, none has studied the relationship between somatotropic status and the risk for dementia in elderly populations.

Efficiency and safety of GH supplementation
-------------------------------------------

The effect of GH supplementation on age-related diseases has been studied. Potential positive effects of GH treatment concern body composition, with an increase in lean mass and a decrease in fat tissue.[@b172-cia-9-1175],[@b173-cia-9-1175] Nevertheless, this increase in muscle mass was not always related to an improved physical ability.[@b172-cia-9-1175],[@b174-cia-9-1175] The possibility that higher measures of lean mass may be related to increased fluid retention has been put forward.[@b152-cia-9-1175],[@b175-cia-9-1175] Studies on the effects of GH supplementation on BMD[@b152-cia-9-1175],[@b176-cia-9-1175] as well as on lipid profile and glucose metabolism have been rather inconsistent.[@b176-cia-9-1175]

Concerning cognitive disorders, animal studies showed that restoring IGF-1 levels in transgenic mice with Alzheimer's disease decreased αβ-amyloid accumulation, a hallmark neuropathological lesion of Alzheimer's disease.[@b177-cia-9-1175] In humans, treatment with GH-releasing hormone analogs improved cognition in healthy elderly individuals but also in patients with mild cognitive impairment.[@b177-cia-9-1175],[@b178-cia-9-1175] Also, a 1-year GH supplementation had positive effects on cognitive performance of elderly patients with GH deficiency.[@b179-cia-9-1175] Further studies are necessary in order to formally conclude on the potential effect of GH supplementation on cognitive function and, more specifically, on dementia risk.

The safety of GH supplementation in aging individuals is still a matter of debate. No increase in the risk for cancer with GH supplementation has been reported in young patients with overt deficiency.[@b180-cia-9-1175] In older patients with age-related GH deficiency, short-term clinical trials observed no increase of cancer incidence or deaths,[@b152-cia-9-1175] but no data exist for long-term treatments. Moreover, studies in healthy elderly have shown a higher risk for adverse effects of GH supplementation, such as carpal tunnel syndrome, gynecomastia, and fluid retention. Concerns have also been put forward about a dose-dependent increase of insulin resistance with GH treatment.[@b176-cia-9-1175]

Future perspectives of GH supplementation
-----------------------------------------

Despite clear positive effects in GH-deficient patients, GH supplementation in antiaging medicine for healthy elderly individuals with low GH levels due to age is still a matter of debate, with unclear pros and cons.[@b181-cia-9-1175] Further studies are required regarding specific indications and the long-term safety and efficiency of such treatments.

Conclusion
==========

Hormone level decline is a part of aging. It is not yet clear whether this decline should be considered as a physiologic reaction of the body to aging and thus a part of "normal" or "healthy" aging or whether actively treating it would actually help to prevent and treat serious or even life-threatening age-related conditions. We strongly believe that hormones should be a part of geriatric care. Nevertheless, "countering aging effects" is too general as an indication, is subject to confusion, and cannot be a basis for treatment. Large-scale studies are necessary in order to better define precise indications and treatment modalities in aging and elderly individuals. In-depth assessments of hormone needs and precise follow-up plans should be elaborated for everyday clinical practice. Finally, once hormone supplementation is installed, treatment may last for years or decades. Long-term or very long-term safety of such treatments should also be a matter of study.

**Disclosure**

The authors report no conflicts of interest in this report.
